Background. Esophageal adenocarcinoma develops through a multistage process which is characterized histopathologically by progression from Barrett's intestinal metaplasia to Barrett's esophagus with dysplasia and ultimately to adenocarcinoma. The genetic basis of this process is increasingly well understood, but no studies have examined the role of the transcription factor c-myb in this disease.
INTRODUCTION
The main risk factor for esophageal adenocarcinoma is the presence of Barrett's esophagus, a disease in which the normal squamous lining of the distal esophagus is replaced by columnar epithelium in response to chronic gastroesophageal reflux [1, 2] . Barrett's esophagus is a multistage disease in which Barrett's intestinal metaplasia (IM) progresses in some patients to low-grade dysplasia, high grade dysplasia, and eventually adenocarcinoma. Although the survival statistics for esophageal cancer have improved considerably during the last decade, the long-term survival and cure rates for both adenocarcinoma and squamous cell car-cinoma of the esophagus remain among the lowest of all adult cancers [3] .
Patients with known Barrett's esophagus undergo regular surveillance endoscopy in order to detect cancers at an early stage [4] . The high incidence of occult adenocarcinomas found in esophagectomy specimens from patients who underwent resection for high grade dysplasia without a preoperative diagnosis of cancer shows that conventional histopathalogic methods can be insensitive for detecting cancer [4, 5] . Identification of biomarkers that are significantly associated with each Barrett's stage and with an increased risk of progression to cancer would therefore be helpful for selecting patients with this disease who should undergo surgical resection or less invasive measures.
The transcription factor c-myb has a well-defined role in the differentiation and proliferation of immature hemopoietic cells. c-myb is essential for the maintenance of immature cells of all lineages except megakaryocytes [6, 7] , and decreased expression of c-myb is observed during maturation of cells along the myeloid and erythroid lineages [8, 9] . Expression studies indicate that c-myb downregulation is a prerequisite for differentiation in this lineages [8 -11] . Although c-myb expression was initially thought to be restricted to the hemopoietic system, it has subsequently been reported in nonhemopoietic tissues and cell lines, including lung, breast, colon carcinomas, neuroblastomas, osteogenic sarcomas, and melanomas [12] . Elevated levels of c-myb mRNA and protein expression have been detected in human colonic carcinomas and premalignant adenomatous polyps, suggesting that upregulated c-myb expression may lead to hyperproliferation of colonic mucosa and therefore plays an important role in the early neoplastic progression of colonic carcinogenesis [13, 14] . However, the role of c-myb mRNA expression in Barrett's esophagus and associated adenocarcinoma has not been elucidated.
The aim of this study was to assess the prevalence of c-myb mRNA expression in the development and progression of Barrett's esophagus and associated adenocarcinoma, and to investigate the potential of c-myb quantitation in the clinical management of this disease.
MATERIALS AND METHODS
Tissue samples. Eighty-six tissue samples obtained at endoscopy and operation from 16 patients with Barrett's intestinal metaplasia without adenocarcinoma (BE group), 22 patients with Barrett'sassociated esophageal adenocarcinoma (EA group), and 10 patients with no symptomatic, endoscopic, or histopathologic evidence of Barrett's esophagus or chronic gastroesophageal reflux disease (control group) were collected and immediately frozen in liquid nitrogen. There were 31 men and 17 women, with a mean age of 58.3 years (range 24 to 76 years). Endoscopic biopsies were obtained according to a protocol that required biopsy at 2-cm intervals from each quadrant (anterior, posterior, and right and left lateral positions) of the visible length of Barrett's mucosa and an additional biopsy from the normal appearing squamous mucosa of the esophagus. Normal esophagus biopsies were taken at least 4 cm proximal to the macroscopically abnormal epithelium. Part of the specimen or an adjacent specimen was fixed in formalin and paraffin for histopathological examination.
Specimens were classified as intestinal metaplasia if intestinal metaplasia but no dysplasia or cancer was present. Only the highest grade pathologic lesion from each patient and a specimen of normal squamous epithelium were included in the study. Thus, Barrett's dysplasia and intestinal metaplasia tissues from patients with adenocarcinoma were not included.
Using these criteria, the following tissue samples were analyzed for c-myb mRNA expression: Barrett's intestinal metaplasia (n ϭ 16) and matching normal squamous tissue (n ϭ 16) in the BE group, Barrett's adenocarcinoma of the esophagus (n ϭ 22) and matching normal squamous esophagus tissues (n ϭ 22) in the EA group, and normal squamous esophagus tissues (n ϭ 10) in the control group, for a total of 86 specimens.
RNA extraction and cDNA synthesis. Total RNA was isolated by a single-step guanidinium isothiocyanate method using the QuickPrep Micro mRNA purification kit (Amersham Pharmacia Biotech Inc., Piscataway, NJ) according to the manufacturer's instructions [15] . PCR quantification of mRNA expression. Quantitation of c-myb cDNA and an internal reference cDNA (␤-Actin) was done using a fluorescence detection method (ABI PRISM 7700 sequence detection system (Taqman) Perkin Elmer (PE) Applied Biosystems, Foster City, CA), as described [16, 17] . In brief, this method uses a duallabeled fluorogenic oligonucleotide probe that anneals specifically within the forward and reverse primers. Laser stimulation within the capped wells containing the reaction mixture causes emission of a 3Ј quencher dye (TAMRA) until the probe is cleaved by the 5Ј to 3Ј nuclease activity of the DNA polymerase during PCR extension, causing release of a 5Ј reporter dye (6FAM). Production of an amplicon thus causes emission of a fluorescent signal that is detected by the Taqman's CCD (charge-coupled device) detection camera, and the amount of signal produced at a threshold cycle within the purely exponential phase of the PCR reflects the starting copy number of the sequence of interest. Comparison of the starting copy number of the sequence of interest with the starting copy number of the reference gene provides a relative gene expression level.
The PCR mixture consisted of 600 nM of each primer (Table 1) , 200 nM probe (Table 1) , 5 U AmpliTaq Gold Polymerase, 200 M each dATP, dCTP, dGTP, 400 M dUTP, 5.5 mM MgCl 2 , and 1X Taqman Buffer A containing a reference dye, to a final volume of 25 l (all reagents Perkin Elmer). Cycling conditions were 50°C for 10 s, 95°C for 10 min, followed by 40 cycles at 95°C for 15 s and 60°C for 1 min.
Statistical analysis. TaqMan analyses yield values that are expressed as ratios between two absolute measurements (gene of interest/internal reference gene). c-myb expression levels in adenocarcinoma, Barrett's intestinal metaplasia, and normal squamous esophagus tissues were compared using the Kruskal-Wallis test to identify significant differences in expressions among the histopathologic groups. The Kruskal-Wallis test was also used to compare the three groups of normal esophagus tissues. When the overall KruskalWallis test (comparing three groups) was significant at the 0.05 level, pairwise comparisons were based on the Mann-Whitney test and the nominal P value was reported. The Wilcoxon signed-rank test was used for comparison of paired tissues. Statistical significance (with two-sided tests) was set at the 0.05 level.
RESULTS
c-myb mRNA expression was observed by RT-PCR in 83 of 86 (96.5%) samples analyzed. Only three tissue samples, comprising two normal squamous esophagus and one adenocarcinoma tissues showed no detectable c-myb mRNA expression.
The median values and ranges of c-myb mRNA expression in tissues from patients with adenocarcinoma of the esophagus (n ϭ 22), Barrett's intestinal metaplasia (n ϭ 16), and no evidence of Barrett's esophagus (n ϭ 10) are shown in Table 2 . Figure 1 shows that c-myb expression levels increased progressively and significantly in histopathologically worse tissue types, with an increase from normal squamous esophagus mucosa to Barrett's intestinal metaplasia, and from Barrett's intestinal metaplasia to adenocarcinoma of the esophagus (P ϭ 0.002, Kruskal-Wallis test, comparing three groups). As shown in Fig. 1 , the median c-myb expression was significantly higher in Barrett's tissues compared to matching normal esophagus tissue from patients without cancer (P ϭ 0.013, Wilcoxon test) and in adenocarcinoma tissues compared to normal squamous esophagus tissues (P ϭ 0.001, Mann-Whitney test). Very high c-myb expression levels ([c-myb/␤-Actin] greater than 4.8) were only detected in patients with adenocarcinoma. These very high levels were detected 3 of 22 patients, including 2 patients with high expression levels in both tissues examined.
Overall, the three groups of normal esophagus tissue revealed substantial differences in c-myb expression levels (P Ͻ 0.001, Kruskal-Wallis test). The median c-myb mRNA expression in the group of histologically normal squamous esophagus tissues from patients with adenocarcinoma (n ϭ 22; median expression, 0.745; range, 0.00 -2.51) was significantly higher than the median c-myb expression found in normal squamous esophagus tissues from patients with Barrett's esophagus only (n ϭ 16, median expression, 0.355; range, 0.00 -0.65; P Ͻ 0.001; Mann-Whitney test) and normal squamous esophagus tissues obtained from the control group (n ϭ 10; median expression, 0.23; range, 0.17-0.77; P ϭ 0.003; Mann-Whitney test; Fig. 2) .
DISCUSSION
This study demonstrates that c-myb mRNA expression is upregulated in Barrett's esophagus and Barrett's-associated esophageal adenocarcinomas. c-myb expression was increased even in Barrett's intestinal metaplasia tissues, indicating that induction of the expression of this gene is an early event in the Barrett's adenocarcinoma progression. There was considerable variation of c-myb mRNA expression levels in tissues at each Barrett's stage, but analysis of grouped results showed that there was a significant progressive elevation of c-myb expression through the stages of Barrett's intestinal metaplasia to adenocarcinoma of the esophagus.
Our findings complement the results of previous studies that found increased c-myb expression in various types of tumors and premalignant gastrointestinal tissues. Torelli et al. reported increased c-myb RNA expression in 6 of 10 analyzed human colon carcinoma tissues [14] . Ramsay et al. found elevated c-myb protein expression in all colon carcinoma samples investigated. c-myb levels in adenomatous colon polyps were intermediate between matching normal and tumor tissues, with higher levels in the more dysplastic polyps [13] . These results suggest that upregulation of c-myb expression is a somewhat specific effect leading to hyperproliferation rather than simply a function of generalized inflammation.
The likelihood that c-myb plays a crucial role in human neoplastic transformation is also supported by studies which implicated c-myb in the regulation of cell survival during hematopoiesis via induction of bcl-2 gene expression [18 -21] . Thompson et al. demonstrated a decrease in c-myb expression during the commitment of human colon cells during differentiation and proliferation [22] . Decreased levels of c-myb were accompanied by a decrease in bcl-2 expression, suggesting that the transcription factor c-myb has a crucial role in regulating the balance between proliferation, differentiation, and apoptosis in the colonic crypt. Furthermore, they hypothesized that elevated c-myb levels lead to persistence of bcl-2 expression, thus protecting cells from programmed cell death [22] . It has also been reported that inhibition of c-myb expression using antisense oligonucleotide treatment in human colon carcinoma cell lines resulted in inhibition of malignant cell growth and reduced tumor burden [23] .
Our finding that very high levels of c-myb mRNA expression ratios were found only in patients with cancer indicates that c-myb expression quantitation might be a clinically useful biomarker for the diagnosis of malignancy in patients with Barrett's esophagus. We anticipate that analysis of a larger dataset might lead to the identification of precise threshold levels above which the likelihood that tumor is present can be estimated with some accuracy. The molecular diagnosis and staging of Barrett's esophagus and Barrett'sassociated adenocarcinoma will require the assessment of a panel of other genes. Studies from this institution and elsewhere suggest that there are at least several other genes that have significantly different expression or mutation frequencies at different Barrett's stages [24 -30] .
c-myb expression levels in this study were significantly higher in the group of histologically normal squamous esophagus tissues from patients with cancer (EA group) compared with the group of histologically normal squamous esophagus tissues from patients without cancer (BE group) and no evidence of Barrett's esophagus or chronical gastroesophageal reflux (control group). This may indicate that genetic changes in histologically normal tissue precede the appearance of morphologic changes in this disease. The normal esophagus biopsies were from areas that were well separate from macroscopic disease, indicating further that there is probably a very widespread oncogenic "field" effect in the esophagus in cancer patients. We have found similar evidence for the presence of a cancer field in patients with esophageal adenocarcinoma in studies of telomerase reverse transcriptase (hTERT) and retinoic acid receptor (RAR) mRNA expression [24, 27, 29] . The presence of a field effect should theoretically increase the usefulness of gene expression measurements as biomarkers for cancer detection in Barrett's esophagus, because finding a very high or "cancerlevel" c-myb expression level in any area of the esophagus, even in histologically normal squamous epithelium, could suggest the presence of an occult cancer.
In this study, we used a recently developed real-time PCR method (Taqman) [16, 17] for quantitation of c-myb mRNA expression. Although competitive PCR technologies have been advanced to perform quantitation [31, 32] they are difficult to perform with great facility and accuracy. The method is based on real-time analysis of PCR amplification and has several advantages over other quantitative PCR methods [33] . The real-time PCR method does not require post-PCR sample handling, thereby avoiding problems related to carryover. It has a high sample throughput and possesses a wide dynamic range, meaning that the samples do not have to contain equal starting amounts of total DNA. Finally, real-time PCR makes DNA quantitation much more precise and reproducible, being based on C t values established in the early exponential phase of PCR, when none of the reagents is rate-limiting, rather then end point measurements of the amount of accumulated PCR product. Real-Time PCR has high intraassay and interassay reproducibility and gives statistically confident values.
CONCLUSION
Upregulation of c-myb mRNA expression is an early event in the Barrett's multistage process. There was a progressive, significant increase in c-myb expression through the stages of Barrett's intestinal metaplasia to adenocarcinoma of the esophagus. The presence of cancer is associated with an extensive field effect in the esophagus. All patients with very high c-myb expression levels had cancer, suggesting that c-myb quantification may be clinically useful for the detection of occult cancer in patients with Barrett's esophagus.
